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Introduction
In the pathogenesis of pediatric hydronephrosis (ureteropelvic junction obstruction -UPJO), we can distinguish intrinsic and extrinsic factors. 1 The most frequently mentioned intrinsic factors are the stenosis of the ureteropelvic junction (UPJ), fibroepithelial polyps and ureteral valves, and impaired number and expression of Cayal-like interstitial cells. [1] [2] [3] Among the extrinsic factors, crossing vessels (CV) are the first mentioned, causing obstruction of the UPJ. Less-frequently given reasons for UPJO include high abduction, ureteral twist or adhesions in the retroperitoneal space. [4] [5] [6] A bundle of CV supplying the lower pole of the kidney and causing mechanical obstruction of the UPJ has been the subject of many discussions. Particularly debatable aspects include the detection rate and a method for dealing with recognized CV and the accompanying hydronephrosis. During pyeloplasty, in the cases of both the open and laparoscopic type, it is possible to overlook CV. This may result in recurrent dilatation of the kidney and (in some cases) also pain symptoms despite surgical treatment. It is important for a surgeon to be aware of the presence of CV and to remain vigilant when preparing the UPJ.
Crossing vessels are much more common in older children and adults, with no history of congenital hydronephrosis (prenatally diagnosed). 7 Moreover, characteristic features are colic and paroxysmal pains in the lumbar region. Subsequent ultrasound examinations may significantly differ in the aspect of the sizes of the pelvicalyceal system of sick kidney. These patients should be suspected of having an additional vascular bundle. In such cases, it is important not to overlook the CV during the surgery and to apply an appropriate surgical technique.
Objectives
The study was aimed at comparing the detection rate of CV in UPJO depending on the operational access applied (transperitoneal laparoscopy vs open lumbotomy). Additionally, we assessed the features that could indicate the presence of CV.
Material and methods
A retrospective analysis of the documentation of patients operated on from January 2006 to July 2017 in the Department of Pediatric Surgery and Urology at the Wroclaw Medical University, Poland, was carried out, where 246 pyeloplasties were performed on 98 girls and 148 boys. In the qualification for hydronephrosis surgery, renal ultrasound and renoscintigraphy were performed in all the patients. In dubious cases, computed urotomography was additionally performed. The patients were divided into 2 groups: LAP -patients operated on using a laparoscopic technique with transperitoneal access, n = 111, and OPEN -patients operated on using an open technique from a retroperitoneal approach, n = 135. Fisher's exact test with Wessa software (wessa.net).
Results
A summary of patients operated on with the different surgical techniques depending on access -laparoscopy or open technique -is presented in Table 1 .
Additional CV before surgery were suspected in 7.2% of the patients in the ultrasound of the kidney and in 12.5% in computed urotomography. Intraoperative CV causing obstruction of the UPJ in the LAP group were diagnosed in 34.2% (n = 38), and in the OPEN group in 12.5% (n = 17) (Table 2) (p < 0.0001). Two patients from the LAP group had previously undergone an unsuccessful surgery with the open retroperitoneal approach using the AndersonHynes method. In these cases, the presence of CV was not recognized intraoperatively, however, they were found in the second, laparoscopic surgery.
The number (rate) of laparoscopic hydronephrosis operations grew over time, reached 23.6% in first 3 years of this study and amounted 61.2% in the last 3 years. The rate of open surgeries simultaneously decreased.
A decision on the selection of the surgical technique after the diagnosis of the CV was made intraoperatively on the basis of the UPJ anatomy and the entire disease picture. Data of the patients with CV depending on the surgical access is presented in Table 2 . Data regarding the interview and imaging tests is given in Table 3 . The age of patients in individual groups was also analyzed, which is given in Table 2 . Diagram showing the age of patients with CV at the time of surgery is presented in Fig. 1 . Crossing vessels were not revealed in any patient under 1 year of age. The median age of patients with CV did not differ from the median age of patients without CV and it was 5.75 years. Dilatation of the renal pelvis in the anteriorposterior (AP) diameter before surgery in the group without CV was 30 mm (median) (from 15 to 55), and also 30 mm in the group with CV (from 13 to 70) (p > 0.05).
A certain limitation to our study is the fact that some surgeons operated on the patients with the use of a laparoscopic technique and others with an open technique. Moreover, the study was performed retrospectively.
Discussion
The most common extrinsic factor of UPJO is the presence of CV. 1, 4, 5, 7 In the literature, they are described as an artery or an artery and a vein supplying the lower pole of the kidney. Localized at the height of the UPJ, they can cause mechanical obstruction and the occurrence of a symptomatic hydronephrosis (Fig. 2) . In a typical course of UPJO with the presence of CV in the history, recurring pain in the lumbar and abdominal region frequently occurs. 7 In the analyzed material, the symptoms of renal colic, nausea and vomiting were the dominant symptoms in patients with CV. As many as 68% of our patients presented with CV. According to the literature, in most cases, children with CV in a prenatal and neonatal interview do not have the dilatation of the kidney. 1, 7 This variant of the disease is even referred to by some researchers as "adult hydronephrosis". We obtained very similar results in our material. The vast majority of the patients -as much as 90% in ultrasound, both prenatal and in the neonatalinfancy period -did not show kidney dilatation. Furthermore, in patients with CV, in subsequent ultrasound scans, the sizes of the kidney pelvis may differ significantly from one another. This is due to the fact that the UPJ obstruction is the so-called "permeable obstruction".
The renal pelvis most often in the case of CV is not very dilatated (less than 30 mm in the AP dimension), and it can be located deeply in the renal cavity. 7 A larger dilation may affect calyces. Weiss et al. showed a smaller dilatation of the kidney in the pediatric group with CV than in a group without CV. 8 Similar results were shown in the studies on adult patients with hydronephrosis. 3 In the group of patients with CV, the dilatation grade 1-2 is statistically more often enlarged while in the group without CV, the dilatation is more often grade 3-4 in the SFU (Society of Fetal Urology) scale. In our material, the dilatation of the kidney in the group of patients with CV was not significantly different from the group of patients without CV. In both groups, the median renal pelvic dilatation in the AP dimension was 30 mm. The discrepancy in comparison with the literature may be due to the fact that the cited studies also evaluated the width of the calyx cup and in some studies the SFU scale was used. In our material, in each case we assessed the AP dimension of the renal pelvis. The literature states that Doppler examination is effective in preoperative CV detection. Veyrac et al. showed CV in ultrasound with Doppler in 25 out of 28 cases of hydronephrosis in children, in which the presence of CV was later confirmed intraoperatively. 9 In our material, all the patients before the surgery had a kidney ultrasound examination, but mostly without a Doppler option. Only 10.8% of them were suspected of having CV. The group of patients in whom we performed urotomography was too small to draw conclusions. In the study by Weiss et al., in 32.5% of the patients who underwent functional magnetic resonance urography, the radiologists described the presence of CV in the opposite, healthy kidney. 8 These studies show that the presence of CV in children is very common, but not every vessel must cause ailments and dilatation of the kidney. Similarly, in adults it is reported that CV occur in about 20% of healthy people and do not cause any problems. [10] [11] [12] [13] Thus, intraoperative detection of the CV and the assessment of whether this bundle is important for UPJ function is quite subjective; it depends on the surgeon's judgment and largely on his/her experience. Improper assessment and a hasty decision to abandon formal pyeloplasty in favor of vessel dislocation may result in the recurrence of hydronephrosis and the need for reoperation.
The incidence of the CV causing obstruction of the UPJ in children increases with age. [14] [15] [16] Crossing vessels are very rarely noticed in newborns and infants. Similarly, the analyzed material did not show this pathology in any child under 1 year of age. Calisti et al. showed CV in 6 out of 54 (11%) prenatally diagnosed patients with an average age of 3.5 months compared to 12 out of 30 (40%) symptomatic patients with an average age of 6.4 years. 14 In the study by Schneider et al., all CV patients were over 2 years of age, with an average age of 10 years (from 2 to 17.3 years). 15 Maheshwari et al. in a group of 82 patients showed CV in 7 (8.5%) with an average age of 7.12 years (from 4 months to 15 years). 16 In adults, the proportion of patients with CV is around 39-71% of all patients with UPJO. 3, [10] [11] [12] [13] In the analyzed material, the median age in a child with the presence of CV was 5.5 years in the OPEN group and 6 years in the LAP group, respectively. However, when comparing the age of children with and without the presence of CV, there was no difference -in both groups the median age was 5.75 years.
The aim of this study was to compare the CV detection frequency depending on the surgical technique -laparoscopy with transperitoneal access and the open retroperitoneal approach. Menon et al. described the CV detection rate in the classical retroperitoneal technique at the level of 5.1% in a group of 643 patients. 7 The low number of detected vessels can be explained by the fact that the study qualified patients under 12 years of age, and as we know from the literature, the incidence of additional vessels increases with age. In addition, these authors used the open retroperitoneal technique. In another study, Hacker et al., also in open retroperitoneal pyeloplasty, in patients aged from 6 weeks to 16 years, reported the incidence of vessels in 25% of the children (28 out of 112 patients).
1 Assem et al., using the retroperitoneal laparoscopic technique in a group of 23 pediatric patients, demonstrated the presence of CV in 4 of them (17.3%) intraoperatively. 17 Simforoosh et al. reported the presence of CV in 9 out of 63 (14.2%) children operated on using the laparoscopic transperitoneal technique. 18 The average age of the patients was 5 years. The authors reported 1 case of a patient with CV that were previously overlooked in open pyeloplasty. Data on the detection of additional vessels, reported in the literature, is divergent. This fact could be the result of the significantly different age groups of the patients. In addition, in some reports, the number of patients analyzed is too small to draw important conclusions. There is also a lack of studies comparing the detection rate of vessels depending on 2 different types of operational access in 1 medical center. In available publications, the authors focus on 1 operational access.
In this material, the CV were statistically more frequent in the transperitoneal laparoscopic approach. In the LAP group, the incidence of CV was 34.2%, and in the OPEN group 12.5%, which was statistically significant. Considering the anatomy of the kidney, the additional vascular bundle is located forward in relation to the UPJ. In the transperitoneal approach when preparing UPJ with the presence of CV, it is difficult to omit it. With this anatomy in the open retroperitoneal approach, the vessels are located at the back of the UPJ. In addition, during surgery, often in an older child, where the UPJ is located deep in the surgical field, in order to show it well and prepare, it is necessary to put on the stitches and use traction. With such a maneuver, the UPJ is pulled towards the operator, and the CV remains even deeper in the operating field and it can thus be omitted. In the analyzed material there were 2 cases (1.4%) originally operated classically from retroperitoneal approach, where the presence of CV was not recognized. In reoperation with transperitoneal access using laparoscopy these vessels were detected and cephalad translocation was performed.
Conclusions
The detection rate of crossing vessels in UPJO is statistically greater in transperitoneal laparoscopic access than in retroperitoneal open pyeloplasty. Distinctive features of patients with the presence of an additional CV are the lack of prenatal diagnosis for hydronephrosis and the presence of pain in the lumbar area.
